suggesting that the CAC half of the XRE, CACGCN(A/T), recognized by the AhR-Arnt heterodimer is a target for Arnt. Cotransfection experiments using CV-1 cells with an Arnt expression plasmid and a MLP chloramphenicol acetyltransferase (CAT) reporter plasmid revealed that Arnt markedly activated CAT expression, indicative of a newly discovered regulatory role of Arnt.
Arnt (Ah receptor nuclear translocator) was identified and its cDNA was cloned as a factor to rescue a mutant Hepa-1 cell line defective in induction of the drug-metabolizing enzyme P4501A1 by xenobiotics (1) . Structural analysis of the cloned cDNA revealed that the predicted Arnt sequence contains a conserved region designated PAS shared by Drosophila Per, Ah receptor (AhR), and Drosophila Sim (1) (2) (3) (4) (5) . The PAS domain consists of -260 amino acids containing two short stretches of a repetitive sequence named the internal direct repeat. Three PAS proteins, Sim, AhR, and Arnt, also carry the characteristic structure of the basic helix-loop-helix (bHLH) domain, which is immediately N-terminal to the PAS domain and frequently found in transcriptional factors. The HLH domain is responsible for dimerization with a homologous or heterologous partner molecule and the adjacent basic region mediates the sequence-specific DNA binding (6, 7) . The PAS domain has recently been shown to serve as a dimerization domain by in vitro study using Drosophila Per and Sim. It is not believed, however, that the two proteins are natural and intrinsic partner molecules because they are expressed in different cells and are involved in different biological functions (2, 3) . AhR and Arnt were found as key regulatory factors in the induction process of drug-metabolizing enzymes in response to certain xenobiotics such as 3-methylcholanthrene (MC), and 2,3,7,8-tetrachlorodibenzo-p-dioxin. As soon as these chemicals enter the cells and associate with the AhR as a ligand, AhR dissociates from Hsp9O (90-kDa heat shock protein) to form a heterodimer with Arnt that translocates to the nucleus (8) (9) (10) . In nuclei, the AhR-Arnt heterodimer complex binds the XRE (xenobiotic responsive element) sequences localized upstream of certain genes encoding drugmetabolizing enzymes including P4501A1, quinone reductase, and the glutathione S-transferase Ya subunit (11) (12) (13) (14) , activating transcription of these genes.
It has previously been shown that each component of dimers of bHLH proteins such as MyoD and c-Myc specifically recognize 3 bp on either side of the symmetrical CANNTG core sequence (7) . However, the core sequence of the XRE, CACGCN(A/T), is apparently asymmetrical (15) (16) (17) (18) Expression of Arnt in the Baculovirus System. Preparation of recombinant viruses containing the human Arnt cDNA sequence was performed by a standard method (19) . Briefly, pVL1393 (20) , which had been cleaved by BamHI and Sma I, was simultaneously ligated with a human Arnt cDNA fragment coding for the complete Arnt polypeptide sequence and synthetic oligonucleotides,
The resultant expression plasmid encodes an amino acid sequence with addition of Met-Ser-His-His-His-His-His-HisIle-Glu-Gly-Arg-Gly-Thr-Leu-Leu-Glu-Phe in front of the Gel Mobility-Shift Assay. AhR and Arnt proteins expressed in the baculovirus system were partially purified on Ni affinity column chromatography and used for the gel mobility-shift assay. Purity of the AhR and Arnt was -10% as judged by SDS/PAGE. Gel mobility-shift assay was performed with 1 ,tg of the protein as described (9) . A pair of synthetic oligonucleotides of MLP whose sequence is shown in Fig. 6 was end-labeled with [32P]ATP by T4 polynucleotide kinase and used as a probe (specific activity, 4.8 x 106 cpm/pmol).
Cell Culture and DNA Transfection. CV-1 cell culture and DNA transfection were carried out as described (21) . pAdMLCAT was constructed by replacing the HindIII/Pst I fragment of pAioCAT with that of pFLBH containing the MLP sequence (14.7-17 .0 map units) (22) . The structures of pSV2CAT, pSVTCAT, and pBLCAT2 were described (23) . The effector plasmid (6 ,ug) was transfected into CV-1 cells together with 2 ,g of each of the reporter plasmids. Forty hours after transfection, cells were harvested and the chloramphenicol acetyltransferase (CAT) activity was assayed as described (24 PAS proteins, we used a coimmunoprecipitation method with the Arnt protein produced in the baculovirus expression system and 35S-labeled PAS proteins synthesized in vitro. As shown in Fig. 1 , we first tested the specificity of the antibody. An antibody (Ab-arnt C34) to the C-terminal segment of 34 amino acids of Arnt reacted only with a full-length Arnt and not with the Arnt devoid of the C-terminal 33 amino acids, Sim, Per, or AhR. The apparent low mobility of Per was probably due to posttranslational modification with attachment of sugar chains (25) . As shown in Fig. 2, 35S- mutants for the binding reaction. As shown in Fig. 3 , deletion of either the HLH or the PAS domain from Sim decreased greatly the association with Arnt. Deletion of the PAS domain affected the association more profoundly than that of the HLH domain. It seemed that the two domains stabilized cooperatively the binding of the two proteins. The mutant of Sim with deletion of the two domains could no longer bind Arnt.
Homodimer Formation of Arnt. It would be of interest to investigate whether Arnt forms a homodimer with itself, because it shows broader tissue distribution than AhR and its cellular localization is not always coincident with that of AhR (see ref. 26 ; K.S. et al., unpublished observation). We used Ab-arnt C34 (Fig. 1) to examine homodimer formation of Arnt. Arnt with deletion of the C-terminal segment (ArntlAC34) was labeled in vitro with [35S]methionine and used for dimer formation with the full-length Arnt produced in Sf9 cells. As shown in Fig. 4A , ArntAC34 was coimmunoprecipitated with Ab-arnt C34, whereas the peptide containing the C-terminal 34 amino acids competed with the coimmunoprecipitation. We produced several deletion mutants of Arnt to investigate domains required for the self association. The C-terminal half of the molecule was not necessary for the association, while deletion of either PAS or HLH domain remarkably decreased the association. Taken together with the results from experiments using Arnt and Sim deletion mutants, it is concluded that both the PAS and the HLH domains of the PAS proteins is able to function synergistically as a dimerization domain in the formation of homo-and heterodimers of the PAS proteins. This observation agrees with the results reported by Huang et al. (2) that Per forms a homodimer and a heterodimer with Sim through the PAS domain.
To confirm self association of Arnt, we determined the molecular mass of Arnt in a physiological condition with sizeexclusion HPLC. As shown in Fig. 5 , Arnt protein was eluted as a single peak with a molecular mass of 205 kDa. This value coincides with the calculated molecular mass (178 kDa) of the homodimer form of Arnt with a histidine tag at its N terminus. This is contrasted with the result of SDS/PAGE. The monomeric form of Arnt protein was scarcely observed. We concluded from this result that Arnt protein was present as a homodimer.
DNA Binding of Arnt. Fig. 6A shows amino acid sequences in the basic region of AhR, Arnt, and some other transcription factors containing the HLH domain adjacent to the basic region. The basic sequence of Arnt resembles more closely those of other factors containing both the HLH and the leucine zipper (ZIP) domains such as TFEB, USF, c-Myc, and MAX (28) Effector plasmid (6 ,ug) 
